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(54) Title: PROCESS TO PREPARE A LUBRICATING BASE OIL 

(57) Abstract: Process to prepare a lubricating base oil starting from a lubricating base oil which is obtained by first removing part 
of the aromatic compounds from a petroleum fraction boiling in the lubricating oil range by solvent extraction and subsequently 
dewaxing the solvent extracted product, wherein the following steps are performed, (a) contacting the lubricating base oil with a 
suitable sulphided hydrotreating catalyst in a first hydrotreating step; (b) separating the effluent of step (a) into a gaseous fraction 
and a liquid fraction; (c) contacting the liquid fraction of step (b) with a catalyst comprising a noble metal component supported on 
an amorphous refractory oxide carrier in the presence of hydrogen in a second hydrotreating step; and (d) recovering the lubricating 
base oil. 
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PROCESS TO PREPARE A LUBRICATING BASE OIL 

The invention relates to a process to prepare a 
lubr Ltin 9 , S e oU naving a saturates -tent o - 
than ,0 „t % , a sulpbur content . . 3 « an, 

a viscosity index of between 80-120. Such 

^ mes referred to as a API Group II base oils as 
sometimes referred Lice nsing and 

defined in API Publication 1509. Engine 
Certification System, -Appendix E-API Base Oil Inter 

*~r- p-senaer Car Motor Oil and 
changeability Guidelines for f0I 

Diesel Engine Oils" . There exist an increasing 
these products due to the fact that modern automobile 
„ in/s operate under more severe » 
inbricatin, oil which is formulated based on a base oil 
having the above specifications. The API Group II base 
"is are also valuable for Industrial lubricants, because 
of their improved inhibited oxidation stability. 

Lubricating base oils are conventionally prepared 

™ rf < filiate or a deasphalted vacuum 
starting from a vacuum distillate or 

residue. These distillates are obtained by first 

Ltilling a petroleum crude feedstock at atmospheric 

e ditions -herein a residue is obtained, 

is subseguently distilled at reduced pressure obtaining 

vacuum distillates and a vacuum residue. 

amoved from the vacuum distillate by means of solvent 

extraction resulting in a aromatic-poor solvent extracted 

product, in a subseguent step wax is removed from te 

solvent extracted product and a lubricating base oil 

orcduct is Obtained. Typically the -ax is removed by 

P ,r has been found that the API Group II 

solvent deuaxing. It has been 10 

b ,se oil product cannot be easily obtained by such a 
process from most petroleum crude sources. An overview of 
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example described in Oil & Gas Journal, Sept. 1, 1997, 
pages 63-70. 

US-A-5855767 describes a process to prepare a base 
oil product having a saturates content of above 90 wt% 
and a VI of about 100 by hydrogenation of a feed 
containing about 5 ppm of total sulphur and nitrogen 
compounds using a catalyst containing either platinum or 
palladium and a zeolite Y. The feed may be obtained by 
means of solvent extraction of a petroleum fraction 
boiling in the lubricating oil range, followed by solvent 
dewaxing and a combined hydrodesulphurisation (HDS) and 
hydrodenitrogenation (HDN) step. 

A disadvantage of the process according to 
WO-A-5855767 is that when starting from a petroleum 
fraction boiling in the lubricating oil range containing 
high levels of sulphur and/or nitrogen compounds severe 
conditions have to be applied in the combined HDS/HDN 
step in order to reduce the sulphur and nitrogen content 
to the 5 ppm level as described in WO-A-58557 67. 

WO-A-9802502 describes a process to prepare API 
Group II base oils by performing a HDS/HDN step on a 
petroleum fraction boiling in the lubricating oil range 
at 360 °C at 100 bar using a Nickel-Molybdenum on alumina 
catalyst, catalytic dewaxing the hydrotreated product and 
hydrof inishing the dewaxed product using a platinum- 
palladium on silica-alumina catalyst at 232 °C and 
77 bar. In the hydrof inishing step the majority of the 
aromatic compounds are saturated. The feedstock may have 
been subjected to a solvent extraction prior to the first 
hydrotreating step in which the viscosity index of the 
solvent extracted product is about 5-20 less than the 
desired viscosity index of the API Group II base oil. 

A disadvantage of the process described in 
WO-A-9802502 is that relatively severe reaction 
conditions are applied in the first hydrotreating step. 
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Another disadvantage is that add! "ona! coolin, ia 
teq uired between the two preprocessing steps 

r" rr.;: ~ ~--rr • 

The feedstoc* contains less than SCO p p„ sa P hu. Th 
catalyst used ia the first step was a sulphid 
containing catalyst. The temperature 
th. presses was about 102 bar. The c.taly t n the 
second step was a platinum on alanine catalyst and the 
perating conditions were those o £ the first * £ 

A disadvantage of the process described US A 36 
U that relatively severe reaction conditions are applied 
, n the first hydrotreating step. 

The object of the present invention is to provide a 
. which can prepare API Group II Base Oils ander 
P "Z dro tea tng =o ditions starting fro. a petroleum 
, ?! t i oilin, In the lubricating oil range containing 

High levels of sulphur and/or nitrogen compounds. 

Tbis object is achieved by the following process. 

^ * lubricating base oil having a 

ptoces ; e rc::::: . zl« i «». , ^ ^ 

, i; lis h 03 wt» and a viscosity of between 

ll !20 starting fro. a lubricating base oil product 

"v a urates content of below ,0 «. and a sulphur 

content of between 300 ppmw and 2 -hie has oil 

• obtained by first removing part of the 
ClC-fi a petroleum fraction boiling in 
30 aromatic eomp ^ extEa(:tlon 

reiuir;: 7^:: 1^ product a „d 

Telling the solvent extracted product, wherein the 
following steps are performed, 



WO 00/73402 



PCT/EP00/04983 



- 4 - 

(a) contacting the lubricating base oil product with a 
suitable sulphided hydrotreating catalyst in the 
presence of hydrogen in a first hydrotreating step at 
a temperature of between 250 and 350 °C; 
5 (b) separating the effluent of step (a) into a gaseous 

fraction and a liquid fraction, wherein the liquid 
fraction has a sulphur content of between 50 and 
1000 ppmw and a nitrogen content of less than 
50 ppmw; 

10 (c) contacting the liquid fraction of step (b) with a 

catalyst comprising a noble metal component supported 
on an amorphous refractory oxide carrier in the 
presence of hydrogen in a second hydrotreating step; 
and 

15 (d) recovering the lubricating base oil having the 

specified properties. 

Applicants have found that an API Group II base oil 
can be prepared by a two step hydrotreating process under 
less severe conditions when the feedstock is base oil 

20 product obtained by solvent extraction and (solvent) 

dewaxing process as described above. An additional 
advantage is that the desired product can be made using 
widely available feedstock, namely base oils obtained by 
solvent extraction and dewaxing. These base oils do not 

25 necessarily have to be prepared at the same location as 

where the process according the invention takes place. 
This is advantageous when existing hydrotreating 
facilities to prepare base oils are not at the same 
location as the solvent extraction and dewaxing 

30 facilities. 

A further advantage is that the capacity of first 
hydrotreating step (a) of the process according to the 
invention can be lower than the first hydrotreating step 
of the process of WO-A-9802502 for the same capacity of 

35 API Group II base oils. This is because, contrary to the 
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present invention, in the prior art process a certain 
/oiume of wax is present during the nydrotreatrng step. 
Another advantage is that because the »P««»* 
temperatures o£ step (a, and step <=» can be close to 

f fha r less or no intermediate cooling Is required. 
" Ch r tnis Lentron the sulphur and nitrogen content 
expr essed in weight percentage or ppmw is the amount 
elemental sulphur or nitrogen relatrve to the total 
amount of the mixture referred to. 

The base oil feedstock having a saturates content of 
b elow so wt* is obtained by solvent extraction and 

rrnrirtairdiatiUate fractions derived from an 

— r-ti-on r::-ri =v h r:; 

by vacuum distiiJ-^iu d 

return is obtained b y atmospheric 

oll The boiling range of such a vacuum distillate 

fraction is usually between 300 and 620 °C, suitably 

350 and 580 'C. However, deasphalted residual Oil 
between 350 ana 3ou 

fractions, including both deasphalted atmospherxc 
residues and deasphalted vacuum residues, may also 

aPpl s e ot;ent extraction is a widely applied technology 

arino base oils and is for example described xn 
when preparing base oxx Avi iino 
rubricating base oil and wax processxng , by Avxlxno 

ir * Jr 1994, Marcel Dekker Inc. New York, 
Tel -3 '.'solvent extraction is suitabiy performed 

f ample N -„et„yl- 2 -pyrrolido„e. furfural, phenol 

A* *s extraction solvent. Often used 
cninhur dxoxxde as exirattim. 

„ vent re «-methyl- 2 -pyrrolidone and furfural. In the 
rent extraction aromatic compounds are partly removed 
from the hydrocarbon mixture, thereby ^""^ f 
.iscosity index of the product. Amounts of sulphur 



WO 00/73402 



PCT/EP00/04983 



- 6 - 

nitrogen are also removed in the solvent extraction 
process . 

Dewaxing is also a widely applied technology when 
preparing base oils. Possible dewaxing methods include 
5 catalytic dewaxing and solvent dewaxing which are 

described in the earlier mentioned textbook "Lubricating 
base oil and wax processing 7 ', by Avilino Sequeira, Jr., 
1994, Marcel Dekker Inc. New York, pages 153-224. An 
example of a catalytic dewaxing technology is described 

10 in the afore-mentioned WO-A-9802502 . For the present 

invention it is not critical how the dewaxing step is 
operated in order to obtain the lubricating base oil 
starting product which is fed to step (a) . The feedstocks 
containing relatively high levels of sulphur used in the 

15 present invention are more likely to be obtained by 

solvent dewaxing because most catalytic dewaxing 
processes are sensitive to high levels of sulphur. 

Solvent dewaxing is performed by chilling the 
feedstock with a solvent whereby the wax molecules 

20 crystallise. The wax crystals are subsequently removed by 

filtration and the solvent is recovered. Examples of 
possible solvents are methylethylketone/toluene, 
methylisobutylketone, me thylisobutyl ketone /met hy let hyl- 
ketone, dichloroethylene/methylenechloride, and propane. 

25 The lubricating base oil starting product which is 

fed to step (a) as obtained by solvent extraction and 
(catalytic or solvent) contains less than 90 wt% 
saturates and has a sulphur content of between 300 ppmw 
and 2 wt%. The process according to the invention has 

30 been found to perform particularly good compared to prior 

art processes when the feedstock contains relatively high 
amounts of sulphur, like more than 1000 ppmw. The 
nitrogen content is preferably less than 50 ppmw. The 
saturates content is preferably higher than 70 wt%. Next 

35 to saturates the base oil mainly consists of aromatic and 
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. ExamP les of polar compounds are specific 
polar compounds. Examples v 

sulphur and nitrogen containing compounds . ^ J 

oU. to be used in the n . t ^ 

^.^sified as API Group I Base oils <* 
are classing a nRn a. Fnaine Oil 

*■ afore ' men : r ™ C£ - - 
rr^^y — - — r car Motor 

Oil and Diesel Engine Oris" ^ 
In the first hydrotreating step the 

is reduced and therefore this step may be 
and nitrogen is reduceo ai . the prio r 

• ripred to be a HDS/HDN step as descrrbed rn the prr 
considered to hydrotreating 
art The catalyst to be used in the first hy 

therefore be any catalyst known to one skilled 
step may therefore y ^ reactions , 

in the art which may catalyse the hl> 

i * as described in the afore mentioned 
for example as descnue 

US-A-5855767. Suitable catalysts comprise at leas 
G oup VXB metal component and at least one non-noble 
Croup VIII metal component selected from the group of 
ron nickel or cobalt supported on a refractory oxide 
0 I r 'ier amples of suitable Croup IV. metals are 

Tl bdenum C*>, and tungsten - - ^P- o stable 

w. Group VI" are nickel ' 

Ta CO T uit . b le catalysts incite those eataXysts 

s no as the non-noble Groop VIII -«1 con.por.ant 
conrprrsrng .the ^ ^ ^ amou „ t 

n a refractory oxide carrier. The catalyst may also 
on a refractory above 
comprises a noble metal from Group VIII next 
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mentioned metals. Examples of suitable noble metals are 
palladium and platinum. 

The refractory oxide support of the catalyst used in 
the first hydrotreating step may be any inorganic oxide, 
alumino-silicate or combination of these, optionally in 
combination with an inert binder material. Examples of 
suitable refractory oxides include inorganic oxides, such 
as alumina, silica, titania, zirconia, boria, silica- 
alumina and mixtures of two or more of these. 

Phosphorus (P) , which is a well known promoter, may 
also be present in the catalyst used in the first 
hydrotreating step. The phosphorous content is preferably 
between 1 and 10 wt% as oxide. 

Preferred catalyst, more preferably containing a 
phosphorus promoter, are cobalt/ molybdenum on alumina 
having a cobalt content of between 1-5 wt% as oxide and 
10-25 wt% molybdenum content as oxide; nickel/molybdenum 
on alumina having a nickel content 1-5 wt% as oxide and a 
molybdenum content of between 10-30 wt% as oxide of which 
commercially available catalyst C-424 of Criterion 
Catalyst Company (Houston, TX) is an example; and 
nickel/tungsten on alumina having a nickel content of 
between 1-5 wt% as oxide and a tungsten content of 
between 10-30 wt% as oxide. 

Since the base oil feed to be converted in step (a) 
will contain sulphur-containing compounds, the catalyst 
used in the first hydrotreating step is at least partly 
sulphided prior to operation in order to increase its 
sulphur tolerance. Presulphiding of the catalyst can be 
achieved by methods known in the art, such as for 
instance those methods disclosed in the following 
publications EP-A-181254, EP-A-329499, EP-A-448435, 
EP-A-564317, WO-A-9302793 and WO-A-9425157 . 

In general, presulphiding is effected by contacting 
the unsulphided catalyst with a suitable sulphiding 
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agent, such as hydrogen sulphide, elemental sulphur, a 
suitable polysulphide, a hydrocarbon oil containing a 
substantial amount of sulphur-containing compounds or a 
mixture of two or more of these sulphiding agents. 
Particularly for the in situ sulphidation a hydrocarbon 
oil containing a substantial amount of sulphur-contaxnxng 
compounds may suitably be used as the sulphiding agent. 
Such oil is then contacted with the catalyst at a 
temperature which is gradually increased from ambient 
temperature to a temperature of between 150 and 250 C. 
The catalyst is to be maintained at this temperature for 
between 10 and 20 hours. Subsequently, the temperature xs 
to be raised gradually to the operating temperature. A 
particular useful hydrocarbon oil presulphiding agent may 
be the base oil feed itself, which contains a significant 
amount of sulphur-containing compounds. In this case the 
unsulphided catalyst may be contacted with the feed 
under, for example, the operating conditions, thus 
causing the catalyst to become sulphided. Typically, the 
base oil feed should comprise at least 0.5% by weight of 
sulphur-containing compounds, said weight percentage 
indicating the amount of elemental sulphur relative to 
the total amount of feedstock, in order to be useful as a 



sulphiding agent. 

The first hydrotreating step is operated at 
relatively mild conditions. The temperature is between 
250 and 350 °C. The actual temperature will depend 
largely on the content of sulphur and/or nitrogen in the 
feed and the desired reduction to be achieved. Higher 
temperatures result in higher reduction of S- and 
N-content. The pressure may range from 10 to 250 bar, but 
preferably is between 20 and 100 bar. The weight hourly 
space velocity (WHSV) may range from 0.1 to 10 kg of oxl 
per litre of catalyst per hour (kg/l.h) and suitably xs 
in the range from 0.2 to 5 kg/l.h. 
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After the first hydrotreating step the effluent is 
separated in step (b) , preferably at elevated pressure, 
into a liquid fraction and a gaseous fraction. The 
sulphur content of the liquid fraction obtained is 
between 50 and 1000 ppmw and the nitrogen content is said 
fraction is less than 50 ppmw. The gaseous fraction will 
contain hydrogen sulphide and ammonia as the S- and 
N-reaction products of the HDS and HDN reactions. The 
gaseous fraction will further contain any excess hydrogen 
which has not reacted in the first hydrotreating step as 
well as some light hydrocarbons. The gas-liquid 
separation may be carried out by any gas-liquid 
separation means known in the art, such as a high 
pressure stripper. 

Suitably hydrogen sulphide and ammonia are removed 
from the gaseous fraction obtained in step (b) resulting 
in a cleaned hydrogen containing gas, which is preferably 
recycled to the first hydrotreating step. Examples of 
suitably methods for removing hydrogen sulphide and 
ammonia are methods known in the art, such as an 
absorption treatment with a suitable absorption solvent, 
such as solvents based on one or more alkanolamines (e.g. 
mono-ethanol amine, di-ethanol -amine, methyl -di-ethanol- 
amine and di-isopropanolamine ) . 

In the second hydrotreating step (c) the liquid 
fraction obtained after a gas-liquid separation step (b) 
is contacted in the presence of hydrogen and a catalyst 
comprising a noble metal component supported on an 
amorphous refractory oxide carrier. In step (c) part of 
the aromatic compounds are hydrogenated to saturate 
compounds. The catalyst preferably comprises at least one 
noble Group VIII metal component supported on an 
amorphous refractory oxide carrier. Suitable noble 
Group VIII metal components are platinum and palladium. 
The catalyst suitably comprises platinum, palladium or 
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both. The total amount of noble Group VIII metal 
component (s) present suitably ranges from 0.1 to 10 wt%, 
preferably 0.2 to 5 wt%, which weight percentage 
indicates the amount of metal (calculated as element) 
relative to total weight of catalyst. 

It has been found particular important that the 
catalyst comprises an amorphous refractory oxide as the 
carrier material. Examples of suitable amorphous 
refractory oxides include inorganic oxides, such as 
alumina, silica, titania, zirconia, boria, silica-, 
alumina, fluorided alumina, fluorided silica-alumina and 
mixtures of two or more of these. Of these, amorphous 
silica-alumina is preferred, whereby silica-alumina 
comprising from 5 to 75 wt% of alumina has been found to 
be particularly preferred. Examples of suitable silica- 
alumina carriers are disclosed in WO-A-9410263 . Examples 
of suitable catalysts are catalyst comprising platinum or 
palladium on an amorphous silica-alumina carrier. More 
preferably the catalyst comprises platinum and palladium 
supported on an amorphous silica-alumina carrier. A most 
preferred catalyst comprises an alloy of palladium and 
platinum preferably supported on an amorphous silica- 
alumina carrier of which the commercially available 
catalyst C-624 andC-634of Criterion Catalyst Company 
(Houston, TX) are examples. These platinum/palladium 
catalyst are advantageous because they deactivate less 
when the sulphur content of the feed to the second 
hydrotreating step is relatively high as is the case in 
the present invention. 

The catalyst used in step (c) preferably does not 
contain zeolite material and more preferably not 
zeolite-Y, because these catalyst components may give 
rise to undesirable cracking reactions. 

Operating conditions in step (c) suitably are 
comparable to the operating conditions in the first 



WO 00/73402 



PCT/EP00/04983 



- 12 - 

hydrotreating zone. The temperature will suitably does 
not exceed 350 °C and preferably is in the range of from 
150 and 350 °C, more preferably from 180 to 320 °C. The 
operating pressure may range from 10 to 250 bar and 
preferably is in the range of from 20 to 100 bar. The 
WHSV may range from 0.1 to 10 kg of oil per litre of 
catalyst per hour (kg/l.h) and suitably is in the range 
from 0.5 to 6 kg/l.h. 

The invention will be illustrated by the following 
non-limiting examples . 
Example 1 

A base oil obtained by performing an extraction with 
furfural on a vacuum distillate followed by a solvent 
dewaxing step using methylethylketone/toluene having the 
properties as listed in Table 1 was contacted in a first 
hydrotreating step (a) with hydrogen and a commercial 
NiMo on alumina catalyst (C-424 of Criterion Catalyst 
Company (Houston, TX) . The operating conditions were a 
hydrogen partial pressure of 50 bar, a WHSV of 1 kg/l/h, 
a recycle gas rate of 1000 Nl/kg and a temperature of 
320 °C. 

The effluent obtained by the above procedure was then 
separated into a liquid and a gaseous fraction in a high 
pressure separator (step (b) ) . Sulphur content of the 
liquid fraction was 360 ppmw, nitrogen content was 
4 . 5 ppmw . 

The liquid fraction was subsequently treated in a 
second hydrotreating step (c) in the presence of freshly 
supplied hydrogen over a commercial PtPd on amorphous 
silica-alumina carrier (C-624 of Criterion Catalyst 
Company (Houston, TX) . Hydrogen partial pressure and 
recycle gas rate were the same as applied in step (a) . 
The temperature was 280 °C. 
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The effluent of step (c) was recovered as the final 
product. The properties of the end product are listed in 
Table 1. 

TABLE 1 









base oil 
feed- 
stock^) 


APT 1 

rat J. J 

Group II 
BASE OIL 


saturates (wt%) (ASTM D 2007) 


70.8 


90.1 


polars (wt%) (ASTM D 2007) 


1.4 


0.2 


aromatics (wt%) (ASTM D 2007) 


27 .8 


9.7 


sulphur (mg/kg) 


8200 


203 


nitrogen (mg/kg) 


29 


2.5 


Viscosity Index 


103 


105 


viscosity at 100 J C (cSt) 


5.18 


4.95 


viscosity at 40 "C (cSt) 


29.8 


27.3 


pour point ( J C) 


-17 


-13 

:nl vent 



dewaxing 



Example 2 

Example 1 was repeated, except in that the 
temperature in step (c) was 290 °C. The saturate content 
in the end product was 91.1 wt% and the aromatic content 
was 8.9 wt%. 
Example 3 

Example 1 was repeated, except in that the 
temperature in step (c) was 300 °C. The saturate content 
in the end product was 93.7 wt% and the aromatic content 
was 6.1 wt%. 



WO 00/73402 



PCT/EP00/04983 



- 14 - 
CLAIMS 

l m Process to prepare a lubricating base oil having a 

saturates content of more than 90 wt%, a sulphur content 
of less than 0.03 wt% and a viscosity index of between 
80-120 starting from a lubricating base oil product 
having a saturates content of below 90 wt% and a sulphur 
content of between 300 ppmw and 2 wt%, which base oil 
product is obtained by first removing part of the 
aromatic compounds from a petroleum fraction boiling in 
the lubricating oil range by means of solvent extraction 
resulting in a solvent extracted product and subsequently 
dewaxing the solvent extracted product, wherein the 
following steps are performed, 

(a) contacting the lubricating base oil product with a 
suitable sulphided hydrotreating catalyst in the 
presence of hydrogen in a first hydrotreating step at 
a temperature of between 250 and 350 °C; 

(b) separating the effluent of step (a) into a gaseous 
fraction and a liquid fraction, wherein the liquid 
fraction has a sulphur content of between 50 and 
1000 ppmw and a nitrogen content of less than 

50 ppmw; 

(c) contacting the liquid fraction of step (b) with a 
catalyst comprising a noble metal component supported 
on an amorphous refractory oxide carrier in the 
presence of hydrogen in a second hydrotreating step; 
and 

(d) recovering the lubricating base oil having the 
specified properties. 

2. Process according to claim 1, wherein the hydro- 
treating catalyst in step (a) comprises at least one 
Group VIB metal component and a metal selected from the 
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group consisting of iron, nickel and cobalt and a 
refractory oxide support. 

3. Process according to claim 2, wherein the catalyst of 
step (a) is a nickel /molybdenum on alumina catalyst 
having a nickel content 1-5 wt% as oxide and a molybdenum 
content of between 10-30 wt% as oxide. 

4 Process according to any one of claims 1-3, wherein 
the catalyst of step (c) comprises platinum and palladium 
and an amorphous silica/alumina support, wherein the 
total amount of platinum and palladium is between 0.2 and 

5 wt%. 

5. Process according to claim 4, wherein palladium and 
platinum are present as an alloy. 

6. Process according to any one of claims 1-5, wherein 
the temperature in step (c) is between 150 and 350 °C. 

7. Process according to any one of claims 1-6, wherern 
the pressure in step (a) and (c) is between 20 and 

100 bar. 

8. Process according to any one of claims 1-7, wherein 
the lubricating base oil product is obtained by solvent 
extraction of a petroleum fraction boiling in the 
lubricating oil range, followed by solvent dewaxing. 

9 Process according to any one of claims 1-8, wherein 
the lubricating base oil product is an API Group I base 
oil and the product obtained in step (d) is an API 
Group II base oil. 
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